In this study, investigations were carried out to assess the efficiency of two plant essential oils; rosemary and oregano as natural food preservatives. The effect of the plant essential oils at concentrations of 0.1%, 0.5% and 1% was studied in the soft cheese against Salmonella enteritidis and Escherichia coli at fridge temprature over a 14-day period. The essential oils performed well in the inhibition of S. enteritidis and E. coli. It is concluded that selected plant essential oils can act as potent inhibitors of both microorganisms in a food product. At the same time, evaluation of their safety as food preservatives was undertaken via monitoring the genotoxic activity of the mentioned essential oils using Vicia faba test. Vicia faba roots were treated with the above concentrations for 3 hours. Results revealed cytotoxic and genotoxic effects of the applied doses. Mitotic index decreased significantly when compared to control. Chromosomal abnormalities and micronuclei were also observed and the effects were dose-dependent. Despite the efficient role of the studied oils as antimicrobial agents, their genotoxicity potential in eukaryotic cells made them unacceptable as food preservatives, particularly at high doses. Therefore, more research in the use of essential oils as food preservatives is needed.
INTRODUCTION
In spite of modern improvements in food production techniques, food safety is still an important aspect of public health. It has been estimated that as many as 30% of people in industrialized countries suffer from a foodborne disease each year [1] . Salmonellosis was the most occurring bacterial foodborne disease, with more than 325,000 cases per year [2] . There is a worldwide trend to explore new alternatives to control foodborne diseases, giving priority to methods that reduce disease incidence and avoid negative and side effects on human health. Western society is experiencing a trend of "green" consumerism, desiring fewer synthetic additives in foods together with their increased safety and quality [3] . The use of phytochemicals as natural antimicrobial agents is gaining popularity [4] . Since there is growing interest in correlating phytochemical constituents of plant with its pharmacological activity [5] , a rapidly growing market for antioxidants and preservatives based on natural plant extracts has arisen, as opposed to artificially produced antioxidants, this is due in part to health concerns regarding artificial additives.
Certain plants and their extracts which are used as flavoring agents possess antimicrobial activity and hence offering a potential alternative to synthetic preservatives [6] . Essential oils (EOs) from an estimated 3000 plant species are known, of which about 300 are commercially important -destined chiefly for the flavors and fragrances market [7] . A few EOs are already commercially available as food preservatives in the form of sodium citrate and sodium chloride solutions, respectively [8] . Rosemary (Rosmarinus officinalis) is widely used as a culinary herb, especially in Mediterranean dishes, and is also used as a fragrant additive in soaps and other cosmetics. Recently, rosemary has been the object of laboratory and animal studies investigating its potential in the prevention of cancer and its antibacterial properties [9] . Most evidence for rosemary's medicinal uses comes from clinical experience rather than from scientific studies. Oregano (Origanum vulgare) has been used also for medicine and food preservation for thousands of years. A large number of in vitro, or in vivo studies, proved oregano oil, or its most active constituents carvacrol and thymol, as antimicrobial agents for a broad range of bacteria and fungi [10] .
However, contrary to popular belief, approval of a natural food ingredient may not be as simple a process as one might think. In fact, unless an ingredient had a history of use in food prior to January 1, 1958, or the substance was deemed "safe by scientific procedures", the ingredient must be determined Generally Recognized As Safe (GRAS) or be classified as a food additive. Furthermore, approval for one use (such as a flavor) does not constitute approval for any other use [11] . A number of EOs components have been registered by the European Commission for use as flavorings in foodstuffs (Commission Decision of 23 January, 2002). The registered flavorings are considered to present no risk to the health of the consumer. Essential oil safety has been monitored in a variety of different ways, all of which have been geared to the perfumery, cosmetics and the food industries [12] . The whole aspect of safety is now being stringently reviewed and new regulations may soon impede the sale and usage of many essential oils as well as their use in foods. Proof of absolute safety does not exist, because nothing is absolutely devoid of risk. Essential oils may also contain low or high concentrations of toxic constituents [13] .
With the increasing concerns on genotoxicity of environmental pollutants on living cells, there are about a dozen reliable, some even unique, plant genetic systems that can increase the scope and effectiveness of chemical and physical mutagen screening and monitoring procedures [14] . There are several major advantages of the plant test systems which relate to their reproductive nature, easy culture and growth habits that should be considered in mutagen screening and monitoring. In addition to these advantages, several plant test systems including Vicia faba test exhibit numerous genetic and chromosome changes for determining the effects of mutagens. Some of these have not yet been detected in other nonmammalian and mammalian test systems, but probably occur in the human organism. Plants have played major roles in various aspects of mutagenesis research, primarily in mutagen screening (detection and verification of mutagenic activity), mutagen monitoring, and determining mutagen effects and mechanisms of mutagen action. For the previously mentioned reasons many research Programs [e.g. the Program of the Committee on the Mutagenicity of Chemicals in food, consumer products and the environment (COM)] recommends as a preliminary study, a short-term tests in vitro and/or in vivo, for monitoring and testing potential mutagens. In this study, a preliminary assessment of the genotoxicity assay was undertaken via the use of a plant model system, represented by the root tip meristems of Vicia faba. It has six pairs of large chromosomes, easy to grow and does not require any sterile conditions so it is easy to observe chromosomal aberrations with this system [15] .
The main goal of this study was to evaluate the efficacy of some commercially available plant essential oils as antimicrobial agents, and to investigate their safety by monitoring their genotoxicity effects on eukaryotic cells represented by Vicia faba cells. Based on previous study, essential oils of oregano and rosemary were chosen for assessment. They were screened against Salmonella choleraesair and Escherichia coli at different doses using in vitro test. One of the objectives of this study was to create comparable antimicrobial data between in vitro study and a real food system represented by soft cheese.
MATERIALS AND METHODS

Preparation of Essential Oils
The volatile oil of rosemary (Rosmarinus officinalis) and oregano (Origanum vulgare) were extracted from the above ground air dried parts (Shoot system) using steam-distillation apparatus for 3 hours. The oils obtained were separately dried over anhydrous sodium sulphate [16] .
Microbial Strains and Culture Conditions
The essential oils were individually tested against the two microorganisms, Escherichia coli and Salmonella enteritidis. These strains were obtained from Laboratory of Bacteriology, Department of Botany, Faculty of Science, Ismaillia University. The Bacteriological agar and nutrient broth were from Difco.
Antimicrobial Activity Test
The soft cheese was purchased from a market. The packaging showed the absence of artificial preservatives. Preliminary experiments in which nutrient agar plates were inoculated with cheese at 1/10 dilution and incubated at 37°C for 48 h, exhibited no microbial contamination of this product. The used procedure was based on that of [17] , 10 g of cheese was added to 90 ml of phosphate buffered saline (PBS) which was prepared in the laboratory, and homogenized for 2 min. Plant essential oils of Rosmarinus officinalis and Origanum vulgare were added to the cheese mixture to achieve final concentrations of 0.1, 0.5 and 1%. PBS was used as control. The mixture of the plant essential oil with the cheese was homogenized for a further 30 s to ensure even mixing. The cheese mixture was inoculated with 100 μl of S. enteritidis or E. coli cultures, then mixed thoroughly with the cheese mixture by gently squeezing the bags by hand and the concentration of both organisms in the cheese determined at 0 hours and 1, 2, 3, 7, 10 and 14 days using the serial dilutions and spread plate technique [18] .
Genotoxicity Test
In this study, Vicia faba (2n =12) seeds were used as the test system. Two essential oils of rosemary and oregano were used as the test substance. Seeds of Vicia faba were obtained from commercial market. They were soaked in tap water for 24 hours at 25 C and allowed to germinate in moist perlite in the dark for 4 days at 25 C. At this time, seedlings were grown 3-5 cm long primary roots which is a suitable length to be used in the experiments. The primary roots were treated with the prepared essential oils at the concentrations of 0.1%, 0.5% and 1% v/v for 3 hours. Essential oils were diluted with phosphate buffer (PBS). PBS was used as control. Roots of both control and treated seeds were fixed in ethanol: acetic acid (3:1), stained with aceto-carmine and squashed in 45% acetic acid. Slides were made permanent, mounted in Canada balsam, examined, and photographed.
The mitotic index (MI) and chromosome aberrations were determined by examination of 1000 cells in five or six root tips. To determine cytotoxicity, the cytotoxic limit value was calculated from the MI [19] [20] [21] . Genotoxicity was assessed by observing chromosome aberrations in mitotic cells and they were classified in the following categories: bridges, micronuclei and stickiness. Also, micronuclei in the interphase nucleus were scored in 1000 cells of five or six root tips.
Reproducibility and Statistical Analysis
Antimicrobial activity experiments were conducted in triplicate on three separate occasions. Due to the limitations of the serial dilution technique, it was not possible to determine cfu of less than 1 log 10 cfu ml -1 . Analysis of variance of data was performed with SPSS. To determine statistical significance of data, one-way ANOVA test was used. Table  1 indicates significant variation (P<0.05) in mitotic indices (MI) and aberrations comparing the normal and aberrant cells at each concentration with control.
RESULTS AND DISCUSSION
Antimicrobial Activity
The antimicrobial activity of EOs has been extensively studied and demonstrated against a number of microorgan-isms, usually using a direct-contact antimicrobial assays, such as different types of diffusion [7] . The studied essential oils showed various degrees of inhibition (Figs. 1, 2 ) against the two bacterial strains using the drop diffusion method [22] .
The present data exhibited the potential of plant essential oils as natural food preservatives against Salmonella enteritidis and Escherichia coli in full-fat soft cheese. It should be taken into consideration that the inhibition reported here was for1/10 diluted cheese and therefore may not be a true reflection of inhibition achieved in cheese, but was necessary due to practical considerations. Despite this, the research showed the potential application of plant essential oils as natural food preservatives.
With respect to food contamination with foodborne pathogens, both rosemary and oregano oils revealed their suitability in this conern. Concentration of 0.1 % performed well in the inhibition of the two organisms (Figs. 3, 4) . The two oils reduced the growth of E. coli 3.8 log 10 cfu ml -1 after 3 days. In comparison, rosemary oil reduced the growth of S. enteritidis to 3.8 log 10 cfu ml -1 after 3 days, while oregano oil reduced its growth to 4.4 log 10 cfu ml -1 after 7 days (Figs. 5, 6 ).
At the concentration of 0.5% , rosemary oil proved to be more effective against S. enteritidis and E. coli in soft cheese. The oil reduced the growth to 3.9 log 10 cfu ml -1 and to 3.1 log 10 cfu ml -1 after 3 days for S. enteritidis and E. coli respectively. In case of oregano oil the growth of S. enteritidis was reduced to 3.7 log 10 cfu ml -1 and the growth of E. coli was reduced to 3.2 log 10 cfu ml -1 after 3 days. At the concentration of 1% both oils reduced the growth of S. enteritidis in the cheese to 2.6 log 10 cfu ml -1 for rosemary and to 2.9 log 10 cfu ml -1 for oregano after just 2 days. On the other hand, rosemary oil reduced the growth of E. coli to 1.9 log 10 cfu ml -1 after 3 days only, while the oregano oil reduced the growth of E. coli to 2.1 log 10 cfu ml -1 after 7 days. All results showed significant growth inhibition of both organisms in the soft cheese (p 0.05). Fig. (3) . Inhibition of E. coli in soft cheese by oil of rosemary. Concentrations of 0.1%, 0.5% and 1% of these plant essential oils were required to achieve inhibition in food. However, it has been suggested that essential oils at concentrations of less than 0.1% had previously proved bactericidal effect in laboratory media [23] . In this study we used products contaminated with a higher inoculum than should be encountered in naturally contaminated products. Thus, lower concentrations of oils might suffice for naturally contaminated products.
The need to use plant essential oils at higher concentrations in food than in laboratory media is believed to be due to the more complex growth environment in food. This provides microbial cells with greater protection from antimicrobial agents. It has been reported that the fat in food could form a protective coat around bacteria, thereby protecting them from antimicrobial agents [24] . The lipid fraction of the food has been suggested to absorb the antimicrobial agent, thus decreasing the concentration in the aqueous phase and hence its bactericidal action. Furthermore, the reduced water content in food compared to laboratory media could hamper the transfer of antimicrobial agents to the active site in the microbial cell.
A number of products which poses foodborne problems should be stored under refrigeration conditions (2) (3) (4) o C), hence limiting bacterial growth. The data presented here showed the potential of selected plant essential oils as potent inhibitors of S. enteritidis and E. coli in dairy products. This is especially relevant at a time when there is an increasing interest in finding more natural alternatives to many existing preservatives. By using essential oils as food preservative, a stable and, safe cheese may be produced with low, if any, loss in sensory quality [25] .
Genotoxicity Potential of Essential Oils
There is little clinical information for many essential oils regarding the use of such oils in foods, extrapolation from constituent data is often undertaken. However, this can result in misleading conclusions. The presence of carcinogens in essential oils should not be ignored, and this remains an area where risk has not been clearly determined [26, 27] . In this case, the toxicity of whole essential oils should be under consideration, and the case for constituent extrapolation is poor.
Several in vitro genotoxicity studies were performed in both prokaryotic and eukaryotic test systems with rosemary and oregano extracts. However, these studies did not give rise to safety concerns with respect to genotoxicity of these two plant extracts [28] . Genotoxic effects of the above mentioned essential oils on the meristematic cells of Vicia faba root tips in different doses are given in Table 1 and Fig. (7b) .
Inhibition of mitotic activities is often used for tracing cytotoxic substances [29] . Mitotic index (MI) can be used as a parameter of cytotoxicity by evaluating cell division frequency. Both rosemary and oregano oils decreased the MI in the treatment group at all concentrations. The decreasing of the MI was dose-dependent in the 3-hour treatment period. With regard to MI values in Table 1 it is clear that the reduction in mitotic activity caused by oregano oil was more pronounced than that caused by rosemary oil. Application of 0.1% v/v doses caused significant decrease in mitotic index of Vicia faba when compared with control. According to the cytotoxic limit values ( Table 1 ) both oils exhibited sublethal cytotoxic effects [21] . Application of 0.5% and 1% v/v doses caused a hardness of the meristematic tissue and almost only non dividing cells were observed so that MI values on those doses could not be estimated. Mitotic inhibition caused by different chemicals can be related with an increase in G2 period [15] . According to our findings, excessive application of both oils has such an effect.
In addition to the previous cytotoxic effects of rosemary and oregano oils, they caused genotoxic effects in the mitotic cells represented by some chromosomal and nuclear irregu- larities. It is clear from Table 1 that the increasing of these two kinds of abnormalities and the percentage of abnormal cells was dose-dependent. Application of 0.1% of oregano oil caused significant increase in chromosomal aberrations compared to control (Fig. 7a) . On the other hand, rosemary oil caused nonsignificant increase in those aberrations at the same concentration. Thus, oregano oil exhibited higher genotoxic effect than rosemary oil. Application of 0.5% and 1% doses caused dramatic genotoxic effects which made the scoring of both kinds of abnormalities difficult. Most observed chromosomal aberrations (Fig. 7B-F) were; chromosomal stickiness, anaphase and telophase bridges and formation of micronuclei. Similar results were obtained by using other tests [12] . Chromosomal aberrations formed by application of the studied oils are similar to aberrations formed by other chemical mutagens. Anaphase bridge formation is a result of dicentric chromosomes and chromosomal stickiness. Stickiness occurs as a result of subchromatic bridges [15] . Effects of chemicals on spindle apparatus cause some abnormalities such as; stickiness, multipolar anaphase, chromosome bridges and unequal chromosome distributions [30] . Application of oils in 0.1% doses of both oils caused nonsignificant increase in the formation of micronucleus in interphase nucleus (Fig. 7A) . Micronucleus formation is the result of acentric fragments or laggers being excluded from nucleus during mitosis [31] . They are small cytoplasmic substances, which are formed as a result of chromosome breaks and aneuploidy during cell division [32] . Micronucleus formation is considered to be one of the most economical, quickest and most effective way in determining genotoxicity of different chemicals [31] . In conclusion, both oregano and rosemary oils caused harmful effects on the root tip cells of Vicia faba.
Investigation results of essential oil genotoxicity are rather contradictory. Some reports indicated that essential oils of various plants were able to induce genetic damages in various test-systems. According to other authors, essential oil of such aromatic plants as Origanum vulgare did not show any genotoxic effect [12] . Essential oils from rosemary and oregano plants in the present investigation was active in meristematic cells of Vicia faba and increase the frequency of abnormal cells. Several international research programs (e.g., The International Program of Chemical Safety) recommend Vicia as a rapid economical and reproducible test system [33] . The genotoxicity test showed that all tested oils induce both cytotoxic and genotoxic effects, in Vicia faba root meristem cells. The reduction in mitotic activity and the high percentage of chromosome and nuclear irregularities in the meristematic cells of Vicia, suggests the presence of certain cytotoxic/genotoxic substances in the tested oils.
CONCLUSION AND RECOMMENDATIONS
This study comes at a time when plant-based alternatives to chemical preservatives are increasing in popularity, even to the point that the synthetic antioxidant market is in decline while the natural antioxidant market is growing. Antimicrobial results from the present study agree with those obtained previously, denoting even the possibility of replacing synthetic antioxidants such as BHT with natural extracts with antioxidant activity obtained from plants. While the study results suggest that natural alternatives to synthetic preservatives are viable, some obstacles still remain. Regardless of the costs, the main challenges of using these substances on food products are related to safety concern. The previous toxicological data on the rosemary and oregano oils are insufficient to establish a numerical ADI (Amount Daily Intake) because it does not provide reproductive toxicity studies or a long term study. On the other hand, the existing genotoxicity data in this study, concluded that the proposed uses and use levels would not be of safety concern. Further genotoxicity, mutagenicity and pharmacological evaluations on both essential oils and components are needed. Also, it is essential to carry out experimental works to prove the effectiveness of these substances in every single product because their activity as antioxidants depends on a large number of factors, including the characteristics of the food. Further, we postulate that essential oils themselves at lower concentrations are likely more effective than the used concentrations. If this is further confirmed, then this is an excellent strategy to design the right natural food preservatives to attack foodborne bacterial pathogens in a food matrix without the risk of genotoxicity of human cells. In addition, the exact mechanisms of cellular damage by essential oils should be elucidated. This will be further investigated in our laboratory.
